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INTRODUCTION
Energy is the basic need of human life and main stay of our nation economy. Alarming increase in population of India needs nine billion joules total energy for producing more than 250 million tonnes of food grain. The era of cheap energy is now ending and the population is becoming energy consumption conscious, due to rising cost of energy. Agriculture in a way is an energy conversion industry. Through photosynthesis plant transform solar and chemical energy derived from the soil into storable chemical energy as carbohydrates, proteins, fats and all cellulose. The production systems developed and adopted during green revolution were explorative and natural resources like soil and water were subjected to immense pressure beyond carrying capacity. This has led to degradation of not only crop system but also the life-supporting system as a whole.
The energy use in crop production has not been given adequate importance in earlier years, but the time has come, where more focus is to be given on renewable and non commercial source of energy, which are actively involved in crop production processes using intensive energies directly or indirectly. In crop production large share of energy is used for land preparation (20-25%), fertilizers (25-30%) and irrigation (25-35%), which require commercial non-renewable sources of energy like petroleum products. The nonrenewable energy is expensive and liable to exhaust in near future. The steady decline in the energy-use efficiency in the present agriculture is a matter of great concern.
Intensive tillage and improper application of irrigation and nitrogen (N) fertilizer in conventional crop production systems results in higher cost of production and energy consumption. Generally, Indian soils are poor in organic carbon due to tropical climate. Moreover, continuous imbalanced use of fertilizers also deteriorates the soil health. This situation warrants opting to organic nutrient management for sustaining productivity of cropping system. Ultimately, energy productivity is decreasing as a consequence of escalating of inputs cost without proportionate improvement in output of particular crops. Zero tillage (ZT) technique is an ecological approach for soil surface management and seed bed preparation resulting in less energy requirement, less weed problem, better crop residue management and higher or equal yield 9 and is also energy efficient as compared to conventional tillage (CT) practices. The conservation tillage and adoption of integrated approach for nutrient management offer most potential measures to minimize the dependency on non-renewable energy leading to increased share of renewable energy, which will pave the way for sustainability.
What is energetics?
According to oxford dictionary mean science of energy, while system refers to an organized body of things. Therefore in relation to cropping systems, energetics is an approach to gauge, quantify and determine relationship between action and reaction, input and output energy to augment energy use efficiency and crop productivity both singly and in various adoptable combinations.
Need of energetics:
 The study of energetics, which is relatively a stable index unlike economics of production, assumes paramount importance in the present era of energy crisis and It's another analysis and management tool available to technicians, agriculturists and the general community.  Research on energetics gained momentum through seventies out of unavoidable food needs and global fossil fuel crisis.  Amount of energy invested through use of these inputs and quantity that is used by plants govern the crop growth and yield during their life cycle. It allows knowing how much energy is necessary to produce another type of energy.  Energy use in agricultural production has been increasing faster than that in many other sectors of the world economy because agricultural production has become more mechanized and commercial fertilizer dependent. Owing to the high energy consumption during the production of agricultural inputs, in particular mineral nitrogen fertilizers, it is often questioned as to whether agricultural production is still energy efficient.  In agriculture, because of the multi-stage character of production processes, the question of energy efficiency of production technologies becomes important.  It also helped in the identification and realignment of energy resources in total and backward areas to push up productivity and to check the erosion of ecological balance. The developed and developing nations are currently fully seized of and committed to resolve the energy problem through integrated and economically viable operational programmes. In India systematic studies on energetics were initiated with inception of All India Coordinated Research Project (AICRP) on Energy requirement in agriculture sector during 1971-72. It encompasses the consideration of an integrated approach to boost crop productivity through efficient use of energy to suggest paths for monitoring production strategies for feeding an increasing population.
Cropping system:
Cropping system is a critical aspect in developing an effective ecological farming system to manage and organize crops so that they best utilize the available resources such as soil, air, water, sunlight, labour, equipments etc. It cropping patterns used on the farm and their interaction with farm resources and farm enterprises and available technology which determine their makeup. It is executed in the field level.
Cropping systems followed in india:
 Rice based cropping systems -paddy fallow,paddy-paddy,paddy-wheat, paddy-potato  Maize based cropping systems-maize-wheat, maize-mustard,maize-barley,maize-chickpea  Sorghumbased cropping systems-Sorghum-chickpea,sorghum-berseem,sorghum-redgram  Pearl millet cropping systems -PM-wheat, PM-chickpea, PM-wheat-groundnut  Cotton based systems -cotton-wheat,cotton-sorghum,  Groundnut based systems-groundnut-berseem, groundnut-wheat
Need of energetics in cropping systems:
The energetics approach utilizes a system of calorific quantification of both the input materials, forces and the outputs products. It can be used to evaluate a given cropping system. The approach reduces the various factors and forces involved in a cropping system to energy units and describe the production process as energy transformation. It does not involve the vagaries of the market pricing system, and presumes stability of the energy units and of their relationships within and across commodities and communities. Energy analyses in agriculture include computation of the energy content in inputs that go into crop production and comparison of the same with the energy content in the output. Need of energy analysis: Energy analysis has been used to provide an accurate overall evaluation of the non-renewable energy consumption linked to agriculture. By reaching beyond agricultural boundaries and including all the steps of crop input production, energy analysis is a useful indicator of environmental and long-term sustainability when comparing cropping systems in multi-criteria analyses and Life Cycle Assessments. Consequently, energy analysis helps develop sustainable agriculture. As summarized by Zahedhi et al. 15 . Energetic sustainability of agriculture "implies efficient use of non-renewable resources and the progressive substitution of renewable for nonrenewable resources". Energy use and output production knowledge in different cropping systems is needed to investigate how to improve EUE while maintaining crop production to free up land for energy crops .Unlike economic analysis, energy analysis indirectly provides information on both nonrenewable energy depletion and climate change burdens linked to crop production, and it is not biased by the artificial changes in the price of goods. As a consequence, energy analysis can provide synthesized information useful to farmers and decision makers 15 . Energy measurement: Energy is a capacity to do work and is measured in unit joules(J) named after James Prescott Joule who carried out fundamental experiments and demonstrated the equivalence of heat work. Joule is too small a unit to be convenient in describing world energy supplies and resources, hence prefixes such as Mega Joule (106) and Giga Joule (109)are used. It is also expressed in Mega Calories. one Mega calories is equal to 10 6 calories. one calories is equal to 4.18 joules. . Food grains productivity in India has increased from 0.710 t/ha in 1960-61 to 1.856 t/ha in 2008-09, while farm power availability has increased from 0.296 kW/ha to 1.600 kW/ha during the same period. Thus, food grains productivity is positively associated with unit power availability in Indian agriculture 4 . The consumption rates of diesel and electricity by major crops are indicated in above table .Electricity, where available, is preferred for irrigation and threshing. Sugarcane, wheat and potato are major consumers of diesel and electricity. Paddy and wheat (Table 3) cultivations presently consume highest diesel (1.5 and 1.26 MT respectively). Electricity consumption is highest for wheat cultivation (5939.7 million kWh), followed by paddy and sugarcane (4228.3 and 1830.7 million kWh), respectively 4 .
Energy requirements for major cropping systems Sorghum-chickpea system showed a highest energy ratio of 11.4 and also the highest energy productivity of 2780 g/MJ. This data shows that there is a need of systematic documentation of energy ratio and energy productivity for various cropping systems to assist in selection of most energy efficient cropping systems and also to carry out further research on identifying high energy consuming components and increasing energy use efficiency 13 . Specific energy and energy ratio of major dryland crops shows that sesamum required highest specific energy followed by groundnut and lowest was castor. Energy ratio was highest in castor followed by sorghum. The results indicate that castor is most energy efficient crop among dryland crops 13 .
Energy components used in energetics:
The amount of energy inputs from different energy sources such as human, animal, machineries, fuel sources, seed, fertilizers, farm yard manure, pesticides were recorded at different stages of their application. The amount of output energy was calculated from the yield (main product and by product).The total energy was calculated from the total material input energy with their required operational energy.
Energy indices:
Output energy (MJ/ha) The output energy in rabi sorghum was found less due to the less grain and fodder yield. The energy analysis are given in Table. 6. The maximum energy ratio in conventional and shallow tillage was due to more output energy and less input energy .However the less energy ratio in mechanical tillage method was due to more input as compared to conventional and shallow tillage method. The energy ratio was improved for Kharif Sorghum (12.73) in conventional tillage and shallow tillage method (11.63). However among the crops, the mean energy ratio in conventional and shallow tillage methods did not show any significant difference. The mean energy ratio among the crops for mechanical tillage was found very less (7.14) than the conventional (11.08) and shallow tillage (10.59 ) was recorded in zero tillage.
The straw yield also contributed significantly for the enhancement of energy output. Mould board plow used high energy as compared to cultivator and zero tillage, for the farmers who cannot afford much inputs energy cost, cultivator can be recommended to grow maize crop successfully on the basis of energy input-output. The highest energy output of 105.5 × 103 MJ/ha was obtained under weed-free treatment, while the lowest output was obtained in the control (83.6 × 103 MJ/ha). There was 26.2% higher energy output owing to control of weeds (Table. 9 ). The maximum net returns of 30,614 were obtained under conventional tillage raised-bed planting, closely followed by zero tillage raised-bed (29,674). Application of pendi methalin + 1 HW was found more remunerative with net returns of 28,019/ha, followed by application of only pendi methalin (27,840). Energy requirement in conventional tillage was 31.3% higher than the zero tillage flat-bed. Net energy output was the maximum in conventional tillage raised-bed, while maximum energy-use efficiency was obtained on zero tillage raised-bed system of planting 12 .
Effect of tillage and herbicides on energy parameters and economics in wheat.
The field experiment was conducted by Jain et al. 9 , at NRC weed science, Jabalpur (Table   16 ), the soil was clayey with objective to study the effect of tillage and herbicide on energy of wheat after transplanted rice (Table. 10 ). The energy consumption was higher under deep tillage followed by conventional tillage compared to both the zero tillage packages was due to more number of tillage operations including ploughing and harrowing. In weed control practices, higher energy was consumed by herbicidal treatments than weedy check due to energy inputs in terms of herbicides and man-hours required for their application. However the energy consumption was more under iso-proturon + 2,4-D than clodinafop followed by 2,4-D due to more quantity of isoproturon required for weed control. The energy production was higher under conventional tillage (87 193 MJ/ha) followed by zero tillage with chemical stale seedbed (83 930 MJ/ha) due to slightly higher grain and straw yields compared to other tillage packages. Among the weed control practices, the higher grain and straw yields under clodinafop followed by 2,4-D resulted in higher energy production than isoproturon + 2,4-D due to effective weed control of Avenaludoviciana which covered around 70 % of the total weed population. The energy use efficiency (energy output input ratio) was the highest under zero tillage immediately after rice (5.95) and least under deep tillage (4.87). The highest energy use efficiency under zero tillage immediately after rice was due to no requirement of energy for land preparation whereas it was the least under deep tillage due to the highest energy consumption for land preparation. However, under weed control practices, although herbicidal treatments required more energy in terms of input but due to identical increase in grain and straw yields, the energy use efficiency was more under clodinafop followed by 2,4-D followed by isoproturon. treatments, among intercrop treatments (T12-T19), the highest energy productivity was achieved by maize + field bean var. local (999.6 g MJ -1 ) which was due to higher biomass and maize equivalent yield in this treatment (Table.11 ). Significantly, lower energy ratios were obtained under sole crop of intercrops. Among different intercrop treatments (T12-T19) highest energy ratio of 16.6 was obtained in maize + French bean (grain) was followed by maize + field bean var. local (16.29). The higher energy ratio in these treatments is due to higher stover yield of maize and lesser input energy compared to intercrop treatments due to fewer requirements of chemical fertilizers and labour for weeding and harvesting. The lowest input energy under sole cropping compared to mixed stands was also reported by Mohapatra and Pradan. Significantly higher energy spent to produce one tonne of the produce was with sole crop of French bean raised for grain purpose (19456.5 MJ tonne -1 ). The lower energy required to produce one tonne of the produce was estimated with sole crop of maize sown at URS (829.3 MJ tonne -1 ) and sole crop of maize sown under paired row system (891.8 MJ tonne-1). In all, the specific energy recorded across intercrop treatments was found at par to specific energy recorded under sole crop of maize. T3, T4, T5, T6 , and T7, respectively over maize sole cropping. The input energy differences were due to the energy value under different row proportions.
The highest output energy was recorded under sole maize closely followed by maize + greengram (1:1) than others. However, it is dependent on grain and Stover/straw yields under different treatments and higher yields registered greater output energy. Hence energy efficiency (output: input ratio) and energy productivity per unit of energy used (in MJ) may be considered for energy relationships. Besides maize sole cropping, among different row proportions, 1:1 row ratio recorded maximum energy efficiency (19.1) and energy productivity (1 569.4 g/MJ), than other intercropping system. This may be due to higher energy production under the said system. Thus results of the present investigation clearly demonstrate that maize/greengram intercropping system in 1:1 or 1: 2 row ratios can be practiced to achieve better land utilization, high yield as well as profitability and energy efficiency than their sole crop under rainfed sandy loam soils 1 .
Energetics in relay intercropping systems: Effect of different relay or sequence cropping systems on sustainability index, Maize equivalent yield (MEY) and energy use efficiency (Pooled data of 2 years).
Prakash et al., 14 reported that maize (green cobs) + tomato + garden pea + french bean relay intercropping sequence recorded significantly highest maize equivalent yield(71.3 t/ha ) due to fairly good yiela of tomato and its get good market price and highest sustainability index (0.91) , production efficiency (195.4 kg/day/ha) and economic efficiency (Rs 656/ha/day), system energy output (10,83,760 MJ/ha), system net energy return (10,40,856 MJ/ha) and system energyuse efficiency (2,852 MJ/ha/day) was recorded in the same sequence due to inclusion of more number of vegetables in the system and higher system productivity( Table. 13 ). The lowest maize grain equivalent yield (18.8 t/ha), net returns (Rs 48,020/ha), production efficiency (51.5 kg/day/ha) and economic efficiency (Rs 132/ha/day) were recorded under maize (green cobs) -garden pea sequential cropping. 
Energetics in Sequential cropping systems: Input energy use in field operations of cropping systems (MJ/ha)
The interculture and weeding operation consumed least amount of energy use in all treatments which varied from 1098 to 1803 MJ/ha only. However, among six cropping systems, rice-vegetable pea-wheat-greengram was found to be more energy consuming system in all operations followed by ricewheat, rice-mustard-greengram, maizevegetable pea-wheat (Table. 15 ). The lowest energy was consumed in soybean-wheat and pigeonpea-wheat system in all operations. The higher energy use in rice-veg. pea-wheatgreengram was due to high intensity of cropping sequence. However, in two green manuring systems, rice-mustard-greengram and rice-vegetable pea-wheat-greengram, the total input energy use was 43614 MJ/ha and 65052 MJ/ha in which 5546 MJ/ha and 5311 MJ/ha energy was consumed for green manuring crop in greengram as input (grain + crop residue use), respectively.
Input and output energy of different cropping system
Chaudhary et al. 2 , repoted that the total input energy utilization was highest in rice-veg. peawheat-greengram (65052 MJ/ha) due to more crop management and pudling operation and total output energy was highest in rice-wheat (153126 MJ/ha) followed by rice-vegetable pea-wheat-greengram (149922 MJ/ha) and rice-mustard-greengram (146403 MJ/ha).The net energy return was found highest in ricewheat (102865 MJ/ha) and output to input ratio highest in soyaben-wheat sequence( Table. 16 ). It was because of the intensification of crops in a year of growing period consumed higher input energy than the obtained output energy. The vegetable pea and greengram contributed only 6.6 and 3.7 per cent to the total output energy of the system, whereas, the input energy used was taken as 14.6 and 8.3 per cent of total input energy of system, respectively. The output-input ratio was highest in pigeonpea-wheat (3.8) followed by soybean-wheat (3.6), rice-mustardgreengram (3.4), rice-wheat and maizevegetable pea-wheat (3.0 in both the systems). The pigeonpea-wheat and soybean-wheat systems were more efficient due to lower input and higher output energy. The lowest outputinput ratio was noticed in rice-vegetable peawheat-greengram (2.3). Numerically, maximum net energy was found in rice-wheat and rice-mustard-greengram than other systems. The rice-wheat system gained 27.7, 21.2 and 10.8 per cent higher net return energy than soybean-wheat and pigeonpea-wheat systems, rice-vegetable pea-wheat-greengram and maize-vegetable pea-wheat systems, respectively. Honnali and Chittapur, 2014 revealed that among all the systems, the highest energy input was recorded in rice-rice cropping system among the systems and the lowest energy input was in Bt cotton alone because the double cropping systems of rice utilized the maximum input and hence required more cultural practices (Table. 19). Energy output was the highest with rice-rice followed by maize-chickpea and the lowest energy output was in chilli + onion. However, energy-use efficiency was the highest for maize-chickpea followed by transplanted Bt cotton, while the lowest in chilli + onion because of the fact that chilli and onion had lowest energy conversion values among all. Nevertheless, energy productivity was the highest with transplanted Bt cotton because of higher productivity and low energy input compared to all cropping systems. Systems net energy returns were the highest with maize-chickpea followed by transplanted Bt cotton because of more output energy and low input energy associated with these systems. Energy intensiveness was the highest in maize-chickpea followed by ricerice again due to higher output energy and lower cost of cultivation. Yield, energy input, renewable to nonrenewable energy ratio and energy output as influenced by tillage and fertility levels under soybean-based cropping system. Energy input analysis revealed that the renewal energy input remained unchanged due to different tillage systems. While the nonrenewable energy and total energy inputs were the highest with conventional tillage; the differences between minimum and no till being at par. Renewable energy to nonrenewable energy ratio and the share of renewable energy to total energy showed an decreasing trend with the degree of tillage. The values for these two were maximum in no till, followed by minimum and conventional tillage. The gross and net energy output was maximum in conventional tillage, which remained at par with minimum tillage. A similar trend was also noticed in nonrenewable and total energy-use efficiency. The highest gross energy output was recorded in poultry manure + recommended dose of fertilizer, while the poultry manure + 50% of recommended dose of fertilizer, farmyard manure + recommended dose of fertilizer and recommended dose of fertilizer differed nonsignificantly among themselves. Significantly maximum net energy output was recorded with farmyard manure + 50% of recommended dose of fertilizer, the integration of organic manure with recommended dose of fertilizer showed higher energy intensiveness than their lone application of organic manure. The highest non-renewable energy and total energy input (Table 8) was associated with conventional tillage. Renewable energy to non-renewable energy ratio and renewable energy percentage to total energy input were the maximum in no till. The gross and net energy output and renewable energy-use efficiency were the maximum in conventional tillage. Soybean -chickpea system had an edge over soybean -wheat in case of renewable energy productivity and intensiveness. The integration of organic manure with recommended dose of fertilizer showed higher energy intensiveness than their lone application of organic manure.
The study was conducted at Chatha by Gupta et al. 7 and soil was sandy clay loam ( Table 9 ). The two tillage methods recorded similar grain energy output. This was on account of statistically similar grain yield under two tillage systems. Energy output was statistically higher in N3 split (33:33:33), which was at par with N2 (20:40:40) and N4 (50:25:25) but better than Ni (0:50:50) and N2 (50:50:0) splits. Energy use-efficiency and energy productivity were significantly more under zero tillage than conventional tillage. Each mega joule of input energy produced significantly maximum wheat yields under zero tillage as compared to conventional tillage. This could be attributed to lesser energy (operation time, manual labour and fuel) requirement under zero tillage than conventional tillage. Energy use-efficiency and energy productivity exhibited phenomenal decrease with each increment in N level from 75 to 125% of recommended. This may be because of lesser inputs used at lower fertility levels as compared to higher fertility levels. Similar to energy output, energy use-efficiency and energy productivity were significantly higher when N was applied in three splits than application of N in two splits. So zero tillage with 100 % RDF and nitrogen application in three equal splits was better.
CONCLUSION
Energy consumption pattern of Indian agriculture significantly increasing over the decades. Among the crop groups, energy productivity is in the order of sugar crops > cereals > oilseeds > pulses. Energy input is higher with mechanical tillage, whereas energy output is higher with conventional tillage. Among rice establishment methods higher energy input is associated with hand transplanting where as higher energy output and net energy gain with SRI. Among the rice based cropping system rice-wheat cropping system having higher energy productivity, higher output energy and net energy gain. Zero tillage found energetically efficient tillage method over conventional method. Higher energy use efficiency is associated with reduced fertilizer usage. Under zero tillage practice soybean-wheat/chickpea were proved to be the best cropping systems than ricewheat cropping system. Soybean -wheat crop rotation with residue management under zero tillage reduced the use of fertilizer. Drip method or alternate furrow irrigation method with mulching practice is best for sugarcane.
